THE incidence of spontaneous thymic lymphomata, with generalised lymphoid leukaemia, in AKR mice varies from [85][86][87][88][89][90][91][92][93][94][95] per cent. The first histological and biological evidence of leukaemia is usually to be found in the thymus, and the disease is commonly limited to the thymus (Furth and Boon, 1945 
The AKR thymus therefore presents an ideal opportunity for a detailed cytological examination of the preleukaemic state. In the sense used in this paper, " preleukaemic " refers merely to AKR mice in the 0-7 months age period. This paper presents the results of a comparative survey of AKR and C3H thymuses in this age period.
MATERIALS AND METHODS

Mice
Mice used were inbred males and females of strains AKR and C3H. The AKR mice (current lymphoid leukaemia incidence 90 per cent) were originally obtained from Dr. Jacob Furth. The C3H mice (current lymphoid leukaemia incidence 1-5 per cent) originated in the Imperial Cancer Research Fund Laboratories, London.
The mice were housed in meta-I tins, with sawdust bedding. The diet consisted of purina chow and water ad lib., with carrots twice weekly and occasional greens. The room temperature of the animal colonies was maintained at 75' F.
The AKR and C3H colonies were housed in separate, but adjacent animal rooms. (Vological preparation8 Cytological preparations of thymus cells were always made between 2 and 4 p.m. Mice were killed with ether, and the thymuses removed and weighed. The thymuses were then placed in separate Petri dishes, and 0-25 ml. saline added. The thymuses were finely minced with sharp curved scissors. An equal volume of glacial acetic acid/orcein was added and the mince mashed into minLite fragments with angulated forceps. Acetic acid/gentian violet was then added (final concentration, 2 parts acetic acid/orcein : I part acetic acid/gentian violet).
Several drops of liquid glycerine were added to the mince, and a drop of the mince was placed on a slide. A cover slip was then gently lowered on the drop and pressed down oii the slide until aa'equate cell spreading was obtained. The preparations were sealed with balsam/paraffin, and stored at 4' C.
.
THYMIC LYMPHOID CELLS IN MICE
Sampling technique
In these preparations, segregation of cefl types occurred when the cover Shp was lowered on the drop. The preparations were therefore sampled in a fixed battlement pattern, passing from one end of the cover shp to the other.
In each preparation, 5000 consecutive lymphocytes and 100 consecutive mitoses were typed.
Cell typing
The general appearance of these thymus preparations is shown in Fig. I and 2. In these preparations, the size of the lymphoid ceRs was to a large degree determined by the degree of spreading occurring during their preparation. Accordingly, lymphoid cells were typed on the basis of nuclear detail, little attention being paid to the apparent size of the cells. Fig. 3 shows the nuclear details of the cell types found in these preparations.
The epithehal/reticular cells were very few in number, relative to the number of lymphoid ceRs, and were not counted in this survey. (Tables I and II) were within the normal limits previously described for these strains (Metcalf, 1960) .
Cell types It will be noted that, at all ages, female AKR mitotic indices were consistently bigher than corresponding male indices.
Mitotic abnormalitie8
A high frequency of abnormal mitoses was encountered in these thymus preparations. The most common abnormalities, in order of frequency were, (a) metaphase arrest, with chromosome swelhng and stickiness, (b) failure of cytoplasmic division, (c) chromosome bridges and (d) chromosome clumping (Fig. 4) .
The percentage incidence of mitotic abnormalities in AKR and C3H thymuses at various ages is shown in Tables I and 11 . In C31-thymuses, the percentage frequency of abnormal mitoses rose sharply after age involution, reaching levels of 60 per cent. A similar change was found in AKR thymuses, but the frequency of abnormal mitoses never exceeded 40 per cent, and fell after 24 weeks.
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00 10 e-C aq In both the AKR and C3H thymuses, the percentage of large lymphocytes was significantly lower in the colchicine-treated mice, than in the control mice suggesting that many of the arrested mitotic cells were large lymphocytes. When the mitotic index was corrected for abnormal mitoses and related to the primitive cell population (large + medium cells), the mitotic index of approximately 1-2 per cent was obtained. This figure showed little variation from one lymphoma to another.
Thus two significant changes appeared to occur in the transition from the preleukaemic to the leukaemic state. These were the rapid accumulation of primitive cells (presumably neoplastic), and a sharp faR in their mitotic index from 4-0-5-0 per cent to 1-2 per cent.
In one seven month male AKR thymus in which an early lymphoma nodule was present in one lobe, the cellular composition and mitotic activity of the opposite normal lobe was typical for 28 week male AKR thymic tissue. No evidence was found of an atrophic state preceding lymphoma development.
DISCUSSION
The results have confirmed the earlier observations of Kindred (1940) and Andreasen and Christensen (1949) that the mouse thymus is an intensely active site of lymphopoiesis.
Recent data, obtained from the labelling of lymphoid cells with tritiated thymidine (Cronkite et al., 1959 ; Schooley, Bryant and Kelly, 1959) , suggest that small lymphocytes rarely, if ever, enter mitosis. If so, the mitoses seen in the present thymus preparations presumably were in large or medium lymphocytes. Contrary to the claims of Sainte-Marie and Leblond (1958) it is not possible to classify the type of a lymphoid cell, when that ceR is in mitosis. We have therefore expressed the mitotic activity of the thymic cells as mitoses per large and medium cells (combined) . The data would be of more value for an understanding of the preleukaemic state if some method could be developed, whereby individual mitotic indices could be assigned separately to the large and medium cell populations.
When the large and medium lymphocytes were considered as a group, their mitotic rate was found to be very high. These cells divided in C3H mice, on an average, every 24 hours, and in AKR mice, every 12 hours.
The sharp faR in proliferative activity of the thymic ceRs, in both strains, between three and eight weeks of age, is possibly the cytological basis for the characteristic age involution weight loss of the thymus at this time, a phenomenon not previously explained (Dougherty, 1952) . Supporting this conclusion was the delay in the fall of mitotic activity in female AKR mice. This corresponds closely to the delay in the onset of age involution in these mice, described previously (Metcalf, 1960) .
The finding of a high percentage of abnormal mitoses in normal thymuses was unexpected. They appear unlikely to have been artifacts, or due to random faults in a certain percentage of mitoses, since there was no constant ratio between normal and abnormal mitoses. Similar mitotic abnormalities, though in lesser numbers, have been reported in normal liver cells by Brues and Reitz (1951) .
It is possible that many of these mitoses were merely temporarily deranged, and may have been ultimately capable of producing viable daughter cells. However, the abnormalities closely resembled those stuclied by Levan (1954) 
